INTRODUCTION {#sec1-1}
============

Depression is well-recognized to be associated with hypercortisolemia as a result of hyperfunctioning of hypothalamo-pituitary-adrenal axis.\[[@ref1][@ref2]\] Increased cortisol is also a well-known response to stress, acute or chronic.\[[@ref3][@ref4]\] Stress caused mainly by negative/exit life events are known to precipitate depression.\[[@ref4]\] Yoga has been used as an effective intervention in stress as well as depressive illness.\[[@ref5]\] Yoga is also associated with lowering of cortisol.\[[@ref6]\] In this study, we investigated yoga in relation to antidepressant effects and serum cortisol.

METHODOLOGY {#sec1-2}
===========

Subjects {#sec2-1}
--------

The data for this research comes from a study comparing the clinical and laboratory outcome of patients with depression who were treated with yoga therapy alone, antidepressant medications alone or a combination of both (Naveen *et al*., this issue). Consenting out-patients from a research and clinical care hospital with a diagnosis of major depression according to the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition\[[@ref7]\] criteria were invited to participate in the study. The diagnosis was confirmed by the Mini-International Neuropsychiatric Interview.\[[@ref8]\] In 58 patients serum sample for cortisol level estimation could be obtained before the initiation of treatment (at 8 am); the same could be obtained in 54 patients who came for follow-up at 3 months (at 8 am). Healthy volunteers from the hospital staff were contacted to participate as controls and serum sample was collected in 18 of them. All subjects provided written informed consent and the Institute Ethics Committee accorded permission to conduct this study.

Treatment {#sec2-2}
---------

Out of the 58 patients, 38 were never treated and 20 were medication-free for at least a month. Patients got to choose one of the three treatments, antidepressant medication alone (*n*=16), yoga-alone (*n*=19) or a combination of both (*n*=19). Four of these patients were not available for follow-up. Antidepressant medications offered by the treating psychiatrist included fluoxetine (20-40 mg/day), escitalopram (10-15 mg/day), sertraline (50-100 mg/day) or mirtazapine (15-30 mg/day). Severity of depression was measured before start of treatment (baseline) and at the end of 3 months using the Hamilton Depression Rating Scale (HDRS) by a rater blind to the treatment group status of the patients.\[[@ref9]\]

All patients agreeing to be treated with yoga were trained in yoga practices by the same therapist. They were requested to attend the training sessions on a daily basis for 2 weeks and again at weekly intervals for next 2 weeks. "Booster" sessions were provided once each in the 1^st^ weeks of 2^nd^ and 3^rd^ months of the study. Each session of training/practice lasted one hour. On all other days patients were encouraged to practice yoga at home daily. The same was reinforced through telephonic contacts. A relative staying with the patient confirmed the patients' accounts of yoga practice at home. Adherence to treatment was operationally defined as doing 50 or more yoga sessions in the 3 month period and/or using medications for at least 2 months.

Serum cortisol estimation {#sec2-3}
-------------------------

The serum samples were stored at - 80°C and were analyzed in one batch by laboratory staff unaware of the clinical details related to the samples. Serum cortisol was measured using the enzyme-linked immunosorbent assay technique with commercially available kits Globe Diagnostics SRL, Milan, Italy.

We used Chi-square test and independent-sample *t*-test for between-subject comparisons and paired *t*-test for within-subject comparisons. Pearson\'s *r* was used to examine the correlations between serum cortisol levels and HDRS scores.

RESULTS {#sec1-3}
=======

The 58 patients and 18 healthy volunteers were comparable as regards age and gender (patients: 54.3±8.6 years and 23 females; controls: 34.0 ± 9.7 years and 10 females; *t*=0.95; *P*=0.34 and Chi-square=0.16; *P*=0.69). The serum cortisol was significantly higher in patients (105.6 ng/ml ± 58.7) than in controls (68.4 ng/ml ± 31.5; *t*=2.6, *P*=0.012). Current drug status (never-treated *n*=38 or drug-free for at least 1 month *n*=20) had no influence on baseline serum cortisol (103.2 ng/ml ± 63.5 and 110.1 ng/ml ± 49.8 respectively; *t*=0.42; *P*=0.68).

Following treatment the total scores on depression HDRS dropped significantly (*n*=54; baseline: 17.8±4.5; 3-month: 5.3±5.0; *t*=15.6; *P*=0.001). However, the drop in serum cortisol level was not statistically significant (*n*=54; baseline: 107.19 ng/ml±59.38; 3-month: 97.99 ng/ml±48.25; *t*=1.24; *P*=0.22). In the adherent patients (*n*=40, including all three treatment groups), the drop in cortisol level (baseline value=109.9 ng/ml±63.8 and 3-month value=96.3 ng/ml±48.5) reached a trend level of significance (*t*=1.79; *P*=0.08) compared with those who were non-adherent (*n*=14; the values were respectively 99.1 ± 45.6 and 102±48.9; *t*=0.21; *P*=0.8). In all patients who received yoga with or without medications (*n*=38), the change in serum cortisol level was significant (111.9 ng/ml±58.4-91.7 ng/ml±47.3; *t*=2.94; *P*=0.006); it was not so in those who received only medications (95.7 ng/ml±62.1-113 ng/ml±48.5; *t*=0.99; *P*=0.34).

Serum cortisol did not correlate with the baseline depression scores on HDRS (Pearson\'s *r*=0.031, *P*=0.82). There was a significant direct correlation between the drop in HDRS score (baseline-3-month HDRS total score) and drop in serum cortisol level (baseline - 3-month) in the treatment-adherent sample (*n*=40; *r*=0.5, *P*=0.001); it was not so in those who were not adherent (*n*=14; *r*=0.28, *P*=0.34). The treatment groups presented differential correlations, with patients in yoga-only group showing highly significant correlation between the drop in HDRS and drop in serum cortisol (medication-only: *r*=0.39, *P*=0.13; medication + yoga: *r*=−0.28, *P*=0.25; yoga-only *r*=0.59, *P*=0.008) \[[Figure 1](#F1){ref-type="fig"}\].

![The drop in depression scores correlated significantly with the drop in cortisol levels for yoga-only treatment group (*n*=19)](IJPsy-55-405-g001){#F1}

There was a reduction of serum cortisol level in 32 patients; in the 22 remaining, there was an increase. The reductions in HDRS scores too occurred differentially in patients who had decrease (mean±SD HDRS change=13.87±5.37) or increase in cortisol (mean±SD HDRS change=10.5±6.11; *t*=2.14; *P*=0.037) \[[Figure 2](#F2){ref-type="fig"}\].

![The change in hamilton depression rating scale scores in both cortisol-response groups](IJPsy-55-405-g002){#F2}

DISCUSSION {#sec1-4}
==========

In this study, depressed out-patients had higher levels of serum cortisol level than the healthy controls. Adherence to treatment, irrespective of the treatment method, was associated with drop in cortisol level. Moreover, treatment with yoga was associated with a significant drop in cortisol. Those who received yoga-only as a treatment showed a high correlation between reduction of serum cortisol level and antidepressant response.

The findings in this clinical sample are in keeping with other reports of hypercortisolemia in depressive disorder that "correct" after treatment.\[[@ref10]\] Treatment adherence tended to be associated with higher drop in cortisol levels suggesting a cause effect relationship. Patients getting yoga therapy either with drugs or solely had better reductions in cortisol levels. Higher proportion of yoga patients obtained decrease in cortisol levels. This is in keeping with yoga reducing cortisol in healthy and in other psychiatric disorders. For example, alcohol dependent subjects undergoing detoxification obtained a robust drop in cortisol levels when yoga was added.\[[@ref6]\] Like in the earlier studies, cortisol reductions paralleled reductions in depressive syndrome.\[[@ref11]\] This effect was the best observed with yoga. We had a little control over the medication subtypes or their doses. It is possible that the drug effects may confound cortisol response. Indeed, some antidepressant medications are known to increase cortisol levels upon acute administration.\[[@ref12]\] Lack of a significant decrease in cortisol levels in antidepressant-treated patients may have been confounded by this effect. Yoga-only group was devoid of this biological confound. Therefore, the effects of yoga in reducing the cortisol level could be detected robustly. Even better, the relationship between the cortisol-lowering effect and the antidepressant effect was best demonstrated in this (yoga-only) group. Consistent with our findings, it has been observed that greater reduction of cortisol occurs in depressed patients who receive psychological treatment along with antidepressant medication than those who receive antidepressant medication alone.

Reduction in stress may be expected to lower the cortisol levels. The effect of yoga on reduction of cortisol may be attributable to the reduction of stress-related consequences. However, how does cortisol reduction produce antidepressant effects? Does cortisol reduction trigger yet another mechanism? There is evidence to suggest a reciprocal role for stress and cortisol on brain-derived neurotrophic factor (BDNF).\[[@ref13][@ref14][@ref15]\] Further, impaired hypothalamo-pituitary-adrenal axishas been associated with reduced hippocampal volumes, suggesting its interference with neuroplasticity.\[[@ref16][@ref17][@ref18]\] It is hence likely that lowered cortisol levels facilitate neurotropism. Increase in levels of BDNF could be one such evidence, which, if demonstrated to associate with cortisol reduction, have the potential to explain these observations. Increased BDNF levels related to antidepressant drugs have been interpreted as neuroplastic mechanisms in the relief of depressive symptoms. Alternatively, it is known that "de-stressing" effects of some treatments, including yoga, reduce cortisol. The direct effect of cortisol on certain steroid receptors in selected brain areas (hippocampus being one), causing depression, could hence be thwarted by antidepressant treatments, including yoga. This finding could be a link to newer molecules for antidepressant action, based on cortisol/steroid receptor blockade.

A few additional possible mechanisms of reduction of cortisol with yoga are worth discussing: Yoga is known to result in enhancement of parasympathetic (vagal) tone.\[[@ref19]\] Increased parasympathetic activity may cause reduced firing of paragigantocellular nucleus of medulla to locus ceruleus. Decreased stimulation of locus ceruleus could decrease norepinephrine output, resulting in relaxation, quiescence and reduced respiratory and heart rates. Reduced input of norepinephrine to paraventricular nucleus of hypothalamus may explain the decreased corticotropin-releasing hormone and cortisol.\[[@ref19]\] Enhanced parasympathetic tone and the resultant drop in blood pressure could relax arterial baroreceptors, leading to decreased γ-aminobutyric acid-ergic inhibition of supraoptic nucleus of hypothalamus, which in turn could cause the release of arginine vasopressin (AVP). AVP is known to cause positive affect.\[[@ref20][@ref21]\] Finally, yoga may cause activation of prefrontal cortex and enhanced glutamate transmission in the arcuate nucleus of the medial hypothalamus resulting in the release of beta-endorphin\[[@ref22]\] -- the latter causes anxiolysis,\[[@ref23]\] which, in turn, may cause a reduction of cortisol.

In summary, out-patients with depression have increased levels of cortisol. The latter is associated with severity of depression only poorly. However, treatments that lower the cortisol levels, e.g., yoga produced antidepressant effects. Yoga had a significant and direct influence on cortisol response that correlated with yoga\'s antidepressant effects.
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